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ABSTRACT: The removal of oil and organic pollutants from
water is highly desired due to frequent oil spill accidents, as
well as the increase of industrial oily wastewater. Here,
superhydrophobic and superoleophilic textile has been
successfully prepared for the application of effective oil/
water separation and selective oil adsorption. This textile was
fabricated by functionalizing the commercial textile with
layered double hydroxide (LDH) microcrystals and low
surface energy molecules. The LDH microcrystals were
immobilized on the microfibers of the textile through an in
situ growth method, and they formed a nestlike micro-
structure. The combination of the hierarchical structure and
the low surface energy molecules made the textile superhydrophobic and superoleophilic. Further experiments demonstrated that
the as-prepared textile not only can be applied as effective membrane materials for the separation of oil and water mixtures with
high separation efficiency (>97%), but also can be used as a bag for the selective oil adsorption from water. Thus, such
superhydrophobic and superoleophilic textile is a very promising material for the application of oil spill cleanup and industrial
oily wastewater treatment.
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1. INTRODUCTION

With the development of industry and social economy, oil
spillage and industrial discharge of organic solvents become
more and more serious, which have caused severe environ-
mental and ecological damage.1,2 Last year, the oil pipeline blast
in Qingdao resulted in a large amount of oil spills into ocean
that greatly harmed the coastline and near-shore water, creating
a disaster for marine animals and organisms. After seeing the
great damages of oil spillage, researchers are motivated to
design and fabricate functional membrane materials and
adsorbents for dealing with oil spills. To achieve the goal of
removing oil from water, such membrane materials and
adsorbents should be superhydrophobic and superoleophilic.3

According to the Wenzel model and the Cassie−Baxter
model,4,5 the introduction of a proper rough surface micro-
structure could make a flat hydrophobic surface more
hydrophobic or even superhydrophobic due to the introduction
of an air cushion beneath the water droplet, whereas a flat
oleophilic surface becomes more oleophilic or even super-
oleophilic because of the capillary effect.6,7 Thus, introducing
proper rough surface topography on the desired substrates
provides a useful route for the preparation of superhydrophobic
and superoleophilic materials.8−11 The rough surface can be
constructed by immobilizing nanomaterials on the desired
substrate.12−15 Although great advances have been achieved in
the fabrication of nanomaterials,16,17 it remains a challenge to

generate large-scale functional coatings from nanomaterials by
simple processes.
Recently, layered double hydroxides (LDH), also known as

hydrotalcite-like materials, have received considerable attention
due to their interesting properties in compositional flexibility
and anion exchangeability.18,19 These materials can be
described by the general formula [M1−x

2+ Mx
3+(OH)2][Ax/n

n− ]·
mH2O, where the cations M2+ and M3+ occupy the octahedral
holes in a brucite-like layer and the anion An− is located in the
hydrated interlayer galleries.20,21 The diversity of the chemical
compositions of brucite-like host layers and interlayer anions
enables these materials with a wide variety of properties, which
make them promising inorganic building blocks toward the
generation of films and coatings for applications in many fields
such as catalysis, separation, purification, antireflection,
biomedicine, etc.22−30 Furthermore, incorporation of organic
anions in LDH films has been demonstrated to endow LDH
films with hydrophobic surface properties and widen their
applications.31−34 For example, Vance et al. have synthesized
organo-LDH and evaluated their ability to absorb the anionic
surfactant.32 Duan et al. reported that the intercalation of
laurate anions by ion exchange with ZnAl-LDH-NO3

−
film

precursors on a porous anodic alumina/aluminum (PAO/Al)
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substrate leads to a hierarchical micro-/nanostructured super-
hydrophobic film, which provides a very effective corrosion-
resistant coating for the underlying aluminum.33 Pramanik et al.
have demonstrated the preparation of cone-shaped super-
hydrophobic and oleophilic CaAl-LDH intercalated with
dodecyl sulfate anions and their application in mopping and
regeneration of oil−water mixtures.34

Before the application of LDH films, it is essential to
organize LDH microcrystals into large uniformly aligned LDH
arrays or films on the desired substrates. Up to now, various
approaches have been employed for the preparation of
functional LDH films, such as layer-by-layer self-assembly,
solvent mixing, dip-coating, spin-coating, and screen-print-
ing.35−38 The films produced by the above methods usually
have 2D sheet-like structures with face-to-face stacking of the
LDH platelets. However, these films have been suggested to
have much weaker adhesion between the LDH crystallites than
in the films fabricated by in situ growth method, which have a
preferred orientation with the c-axis perpendicular to the
substrate surface.39,40 Therefore, intensive studies have been
focused on the direct growth of oriented LDH microcrystals on
different kinds of substrates.41−46 For instance, MgAl-LDH
films can be grown on the surface of anodic aluminum oxide
(AAO)/aluminum substrate by dipping the substrate in a mixed
reaction solution containing Mg(NO3)2.

44 NiAl-LDH and
ZnAl-LDH films can be grown on porous anodic alumina/
aluminum (PAO/Al) substrate by vertically suspending the
PAO/Al substrate in a special solution.45 Alternatively, ZnAl-
LDH and CuAl-LDH films can be directly grown on Zn foil
and Cu foil, respectively, by immersing the substrates into an
alkaline solution.46 However, in the above processes, qualified
substrates should be able to react with the solution and provide
cations to form the LDH films on the surfaces of the substrates,
which limited the species of the substrate materials and the
applications of the functional films. Therefore, it is desirable for
the in situ growth of oriented LDH films on inert substrates. In
this respect, some positive results have been achieved.47−50 For
example, Duan and co-workers have reported the in situ growth
of LDH on some inert substrates, such as glass, paper,
polystyrene sheets, and so on.47−49 Uan et al. have developed a
metal salt-free method for directly growing oriented LiAl-LDH
films on substrates of grass, silicon wafer, carbon cloth, etc.50

However, despite the positive results achieved by many
research groups, further exploration is still in urgent need,
especially for the practical applications of LDH coated
substrates. Apart from the LDH coating, the properties of the
substrates are equally important for their applications, due to
the effect of substrates on the practical applications. For oil/
water separation and oil adsorption, textile is considered as one

of the most attractive materials and has been widely studied
after the 2010 oil spill in the Gulf of Mexico, due to its excellent
properties such as flexibility, low price and density, high
adsorption capability, as well as high mechanical stability under
harsh practical conditions.10−14 Nevertheless, commercial
textile usually can adsorb oil and water at the same time.
Although some investigations of superhydrophobic textiles for
oil adsorption have been performed,10−14 there is no
information about the in situ growing oriented LDH micro-
crystals on the surface of textile for oil removal.
With this in mind, herein, superhydrophobic and super-

oleophilic textile has been fabricated by direct in situ growth of
oriented LDH microcrystals on the surface of commercial
textile under hydrothermal condition. The simple and
inexpensive hydrothermal process shows high flexibility in
terms of controlling the structure and morphology of the
resulting inorganic materials, which allows us to fabricate high-
quality nanoporous LDH coatings on the surface of textile.51

The LDH coatings have peculiar micro-/nanostructure with
nanosheet LDH microcrystals aligned vertically on the surface
of textile. As a result, the LDH coated textile exhibits
superhydrophobicity after simple modification with surfactant.
Additionally, combining superhydrophobicity, superoleophilic-
ity with the excellent properties of textile makes it an excellent
material for oil/water separation and selective oil adsorption
(Scheme 1).

2. EXPERIMENTAL SECTION
Materials. All chemical regents and solvents were obtained from

commercial suppliers and used without further purification.
Magnesium nitrate hexahydrate (Mg(NO3)2·6H2O), aluminum nitrate
nonahydrate (Al(NO3)3·9H2O), and sodium hydroxide (NaOH) were
obtained from Beijing Chemical Reagent Co. Oil red O, sodium
laurate, and methylene blue were purchased from Aladdin.
Commercial polyester and cotton textiles were cleaned with 0.2 M
NaOH aqueous solution. Deionized water (resistance >18.2 MΩ cm)
was used in all reactions.

Fabrication of LDH Coatings. The magnesium−aluminum LDH
(MgAl-LDH) coatings on the surface of textile were prepared by the
following steps. First, the LDH precursors were synthesized by a
coprecipitation process similar to that described previously.30 Briefly,
1.026 g of Mg(NO3)2·6H2O (4.0 mmol) and 0.7526 g of Al(NO3)3·
9H2O (2.0 mmol) were codissolved into 20 mL of water. The mixed
aqueous solution then was added quickly into 80 mL of NaOH
aqueous solution (0.72 g, 18 mmol) under vigorous stirring. The
reaction solution was continuously stirred for another 30 min. The
precipitates were isolated by centrifuging and washed with deionized
water twice, and then redispersed in deionized water to obtain a 40 mL
suspension. Subsequently, the resulting suspension was transferred to a
50 mL Teflon-lined autoclave. The commercial textile was immersed
into the suspension, and the mixture was then hydrothermally treated
at 100 °C for 24 h. The resultant LDH coated textile was washed with

Scheme 1. Illustration of the Modification of Commercial Textile with LDH and Its Application for Oil/Water Separation
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deioinized water and dried in an oven at 60 °C. Finally, the LDH
coated textile was immersed in a 0.02 M aqueous solution of sodium
laurate at room temperature for 1 h. The resulting textile was rinsed
with water and ethanol and then dried at room temperature.
Oil/Water Separation. Six kinds of oils and organic solvents

including gasoline, diesel oil, n-hexane, chloroform, petroleum ether,
and toluene were used in this study. They were colored with oil red O
and mixed with water that was colored with methylene blue. The
volume ratio of oil to water was varied at 1:1, 1:4, 1:9, 1:12, and 1:15.
For oil/water separation, the superhydrophobic and superoleophilic
textile was used as the membrane, and the mixtures of oil and water
(or seawater) were poured slowly into a test tube through the textile.
The separated oil and water were collected with a test tube and a
beaker, respectively. The mass of the water before mixture and after
separation was weighted to evaluate the separation efficiency, which
was calculated according to η = (m1/m0) × 100%. Here, m0 and m1
were the mass of the water before and after the separation process,
respectively. Additionally, another method was also used to show the
separation efficiency qualitatively.12 A mixture of oil and KCl aqueous
solution was poured slowly into a test tube containing AgNO3 solution
through the as-prepared textile. Once there is a small amount of KCl
aqueous solution penetrating the textile together with the oil, KCl will
react with AgNO3 to generate a white precipitate.
Removal of Oil from Water. A piece of the as-prepared textile or

textile bag filled with sponge was placed into the oil/water mixtures
(here, n-hexane and chloroform were used as the model oil and dyed
red for clear observation) and then removed from the water surface by
tweezer. The adsorbed oils were collected through a simple squeezing
process. After each separation process, the textile or bag was washed
with ethanol three times and dried for reusing.
Characterization. Scanning electron microscope (SEM) images

were taken using a JEOL-7500F field-emission scanning electron
microscope. Energy-dispersive X-ray spectra (EDX) were collected on
the JEOL-7500F equipped with an EDAX detector. XRD data were
measured on a D8 ADVANCE/Bruker AXS X-ray diffractometer with
a Cu Kα X-ray radiation source. The water contact angle tests were

performed on a DSA30 contact-angle system (Kruss, Germany) at
room temperature. Transmission electron microscopy (TEM) images
were obtained using a HITACHI HT7700 transmission electron
microscope. The inductively coupled plasma optical emission
spectroscopy (ICP-OES) was measured by using a PerkinElmer ICP
Optima 800. Fourier transform infrared (FTIR) spectra were recorded
by using Thermo Scientific Nicolet IR200 spectrometer. UV−visible
absorption spectra were carried out by using a Persee TU-1901 UV−
vis spectrometer.

3. RESULTS AND DISCUSSION

Growth of LDH Microcrystals on the Surface of
Textile. The MgAl-LDH coated textile was obtained by
using a method that involves separated nucleation and crystal
growth steps. First, LDH seeds were prepared through a rapid
coprecipitation process and then separated from the mother
liquor. Second, commercial textile was immersed into the
redispersed LDH seeds solution, and LDH coatings were
developed at a crystal growth stage under hydrothermal
conditions. It has been demonstrated that this simple
hydrothermal process is able to fabricate LDH coatings of
high quality as well as controllable pore size on various
substrates including metal, ceramics, and glass of planar and
nonplanar surfaces.30 By using this process, LDH microcrystals
were successfully in situ formed on the surface of textile as
illustrated by scanning electron microscope (SEM) images
(Figure 1). Obviously, the pristine textile has a macroscopically
rough surface (Figure 1a) because it is made up of numerous
microfibers with diameters ranging from 10 to 15 μm (Figure
1b). However, it is worth noting that these microfibers exhibit
smooth surfaces at high magnification (Figure 1c). As
compared to the pristine textile, the LDH coated textile not
only displays roughness at macroscopy inherent from the

Figure 1. SEM images of the textiles with different magnification: (a−c) pristine textile; and (d−f) LDH coated sample before and (g−i) after the
modification with sodium laurate.
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microfibers (Figure 1d), but also shows roughness at the
micro-/nanoscale due to the in situ formed LDH microcrystals.
The morphology of the LDH microcrystals collected from the
suspension of the same bath after hydrothermal reaction has
been confirmed by transmission electron microscopy (TEM)
images, which clearly illustrate the hexagonal plate-like
structure of the LDH microcrystals (see Figure S1 in the
Supporting Information). Furthermore, the LDH microcrystals
with typical plate-like morphology stand vertically on the
surface of microfibers, as shown in Figure 1e,f. They are densely
packed and randomly oriented, generating a nestlike micro-
structure and producing large amounts of micrometer-sized and
nanometer-sized spaces between LDH microcrystals. This
feature is supposed to entrap numerous air pockets on the
surface of microfibers, as demonstrated below. As is well-
known, air pockets are necessary to achieve surface super-
hydrophobicity, because air is an effective hydrophobic
medium. In addition to the hierarchical micro-/nanostructure
of the surface, the hydrophobicity of the surface is also
influenced by the surface free energy.52−54 Thus, the LDH
coated textile was further modified with sodium laurate to
reduce the surface energy. The SEM images of the LDH coated
textile after the modification with sodium laurate display no
obvious changes in morphology (Figure 1g−i), confirming that
the mild reaction does not damage the original microstructure
and morphology of the LDH microcrystals.
The growth of LDH microcrystals on the surface of textile

was further proved by the representative energy-dispersive X-
ray spectrometry (EDS), inductively coupled plasma optical
emission spectroscopy (ICP-OES), and X-ray diffraction
(XRD). The EDS spectra taken on these samples reveal that
the commercial textile mainly consists of carbon (66.32%,
relative atomic % by element) and oxygen (31.03%) elements

(see Figure S2a in the Supporting Information), while the LDH
coated textile contains the elements magnesium and aluminum,
apart from the initial carbon (43.50%) and oxygen (49.13%)
(see Figure S2b in the Supporting Information). The existence
of magnesium and aluminum is attributed to the immobilized
LDH microcrystals. The atomic ratio of metal contents (Mg/
Al) measured by ICP-OES is 2.1:1, coinciding with that in the
precursor solution, and it is considered to be within the
allowable experimental error range. Additionally, the decrease
in the atomic ratio of the contents (C/O) originates from the
high component of O contained in LDH microcrystals. These
results clearly indicate that LDH microcrystals have been
successfully formed on the surface of the textile. The
modification with sodium laurate is confirmed by the increase
of the atomic ratio of the contents (C/O), because of the high
component of C element contained in sodium laurate (see
Figure S2c in the Supporting Information). In all of these
samples, the signal of Au element comes from the gold spray.
Besides, the XRD patterns of the textile before (curve b) and
after (curve c) MgAl-LDH coating, as well as LDH powder
collected from the suspension of the same bath after
hydrothermal reaction (curve a), are shown in Figure S3 in
the Supporting Information. Although most of the LDH peaks
overlap with those of the textile, an extra diffraction peak
appears at the position indicated by the asterisk, which can be
assigned to the (111) plane of the LDH crystals. These results
provide evidence for the incorporation of MgAl-LDH on the
textile.
Additionally, the ability of modification LDH with sodium

laurate was verified by Fourier transform infrared (FTIR)
spectra. As shown in Figure S4 in the Supporting Information,
apart from the LDH feature peaks at 3471, 1558, and 1385
cm−1, two characteristic peaks at 2926 and 2855 cm−1 have

Figure 2. (a−c) Water contact angle (a) of pristine textile, (b) of LDH coated textile before, and (c) after the modification with sodium laurate; (d−
i) photographs of (d−f) water and (g−i) oil placed on the surface of the above three kinds of textiles, respectively; (j) a jet of water applied on the
as-prepared textile; (k) pristine textile in water; and (l) the as-prepared textile immersed in water by an external force.
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been observed from the sodium laurate modified LDH sample.
These two peaks are attributed to the asymmetric and
symmetric C−H stretching bands of the long-chain aliphatic
groups of laurate, indicating that LDH can be modified by
sodium laurate. Furthermore, the effect of sodium laurate
concentration on the hydrophobicity of the textile was
optimized (see Figure S5 in the Supporting Information). As
the concentration of sodium laurate increased, the water
contact angle increased gradually until 0.02 M sodium laurate
was used (see Figure S5(a) in the Supporting Information).
The modification time is another factor that affects the
hydrophobicity of the textile. As shown in Figure S5(b) in
the Supporting Information, the water contact angle increased
slowly when the modification time increased from 0 to 1 h.
Afterward, little change was observed when further extending
the immersing time. To obtain superhydrophobicity, the LDH-
coated textile was modified with sodium laurate by immersing
in 0.02 M sodium laurate solution for 1 h. As is well-known, the
superhydrophobicity actually arises from the hierarchical
micro-/nanostructure of the surface together with the low
surface energy of the materials.55−57 Therefore, the as-prepared
textile is anticipated to have a hydrophobic surface.
Separation of Oil/Water Mixture. To verify the wetting

behavior, water contact angle was measured, as shown in Figure
2a−c. For the pristine textile, when water was dropped on it, no
contact angle could be observed due to the complete speading
of water into the textile (Figure 2a,d). After coating the textile
with LDH, it changed to be hydrophobic with a water contact
angle of about 144 ± 1.2° (Figure 2b), whereas super-
hydrophobicity was achieved by further modification of the
textile with sodium laurate, and its contact angle was found to
be about 154 ± 1.6° (Figure 2c). These results implied that
both the microstructure induced by LDH and the low surface
energy of sodium laurate have significant contributions to the
superhydrophobicity of the textile. As is well-known, the surface
tension of water is commonly much higher than that of oil.
When the surface tension of the solid substrate lies between
those of water and oil, hydrophobicity and oleophilicity can be
realized. Hence, a water droplet could sit on the surface of the
functionalized textile as shown in Figure 2e,f. By contrast, oils
with low surface tension can spread quickly on all of these
textiles, indicating the superoleophilicity of these samples
(Figure 2g−i). Furthermore, when a jet of water was applied on
the as-prepared textile, it would roll off quickly without leaving
a trace due to the existence of the air cushion between water
and the textile (Figure 2j). The air cushion was further revealed
by the bright and reflective surface observed beneath the water
in Figure 2k. Obviously, most of the area underneath water was
the liquid/air interface, and the ratio of liquid/solid interface
was quite small. The establishment of a composite solid−
liquid−air interface indicated the formation of the Cassie−
Baxter state.5 Moreover, the relationship between the surface
structure and the surface contact angle can be explained by the
Cassie−Baxter eq 1:5

θ θ= −f fcos cosr 1 2 (1)

where θr and θ represent the contact angle of a rough surface
and a native flat surface, while the f1 and f 2 are the fraction areas
of a liquid droplet in contact with surface and air on the surface,
respectively ( f1 + f 2 = 1). According to the equation, the
apparent contact angle increases with larger surface coverage
and roughness of the micro-/nanostructure because of its
higher f 2 value. Previous works have demonstrated that the

formation of hierarchical structures can effectively enhance the
surface roughness of the textile microfibers and hence increase
the water contact angles on these surfaces.8−11 On the basis of
the established theory and experimental results, it is believed
that surface roughness plays an important role on super-
hydrophobic surfaces, regardless of the chemical composition.11

Therefore, although the LDH microcrystals are hydrophilic
(see Figure S6 in the Supporting Information), the textile
modified with LDH still exhibits hydrophobicity, because LDH
crystals stand almost perpendicular to the surface of textile
fibers, which largely increases the surface roughness. Thus, the
observed superhydrophobicity of the functionalized textile is
mainly attributed to the surface roughness induced by the
nestlike LDH microstructures, which is favorable to trapping a
large amount of air in voids and thus generates the hydrophobic
surface. Besides, the hydrophobicity of the textile can be further
increased by modification of the LDH with sodium laurate,
which is reported to easily self-assemble onto the surface of
LDH and decrease the surface free energy.58 The possible
reason is that the laurate anions can adsorb on the surface of
LDH plates through electrostatic interaction with the hydro-
philic heads pointing toward the cationic layers and the
hydrophobic organic tails pointing outward, thus rendering the
textile to be superhydrophobic.58 As a result, the LDH and
sodium laurate functionalized textile exhibit superhydropho-
bicity, which can trap air to form an air cushion under water
and remain completely dry after the textile was taken out of
water. As a comparison, no air cushion was observed for
pristine textile, and its surface was not dry anymore (Figure 2l).
In addition to the commercial plain weave polyester textile used
above, similar results were also observed by using two other
cotton textiles with different weaves as substrates (see Figures
S7, S8 in the Supporting Information). As compared to the
pristine textiles, the treated textiles have a superhydrophobic
surface that cannot be wetted by water. Thus, the super-
hydrophobic textile cannot be penetrated by water, while the oil
with low surface tension can easily pass through it. These
properties endow the treated textiles to be a very promising
candidate for separation of oil and water mixture.
The practical oil/water separation experiments were carried

out by using a commercial plain weave polyester textile as a
model. As shown in Figure 3a,b, when pouring the mixture of
oil and water onto the treated textile, oil could pass through the
textile rapidly and drop into the test tube beneath it, while
water was retained on the surface of the textile and then flowed
into another beaker. During the separation, no external force
was used except their own weight. After the separation, no
water in the collected oil or oil in the collected water can be
seen. To further illustrate the absence of water in the collected
oil, another simple experiment was performed, in which a
mixture of oil and KCl aqueous solution was poured onto the
textile and the penetrated oil was collected in a test tube
containing AgNO3 aqueous solution. As shown in Figure 3b,
the AgNO3 aqueous solution remained clear after the oil/water
separation, whereas a white precipitate was generated quickly
after adding a drop of KCl solution into the same solution
(Figure 3c). This result implied that the coated textile could
separate oil/water mixtures with high separation efficiency by a
simple filtering method.
The separation efficiency of the textile was further

investigated. Because oil is volatile and the textile will inevitably
adsorb a part of oil, thus the separation efficiency was given by
the ratio of the weight of water collected to that initially added
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to the mixture.8 Table 1 lists the separation efficiency of the
textile for different oil/water mixtures with their volume ratio of

1:1. Remarkably, the separation efficiency of the textile for the
six oil/water mixtures was above 97%, and their relative
standard deviation (RSD) values of five measurements were
below 0.7%. It should be noted that the separation efficiency of
the LDH-coated textile (95%) was slightly lower than that of
the LDH-coated textile after modification with sodium laurate,
possibly due to the small increase of the hydrophobicity
induced by sodium laurate. Moreover, Table 2 indicated that
the separation efficiency was calculated up to 98% for diesel
oil/water mixtures with their volume ratios ranging from 1:1 to
1:15. The high separation efficiency is comparable with other
similar superhydrophobic and superoleophilic materials.8,15

Besides, a high-quality oil/water separation material should be
able to separate oil/seawater mixtures, because many oil
leakages and spills occur in the ocean. Therefore, the as-
prepared textile was employed to separate the mixture of oil/
seawater by the simple filtering process. As shown in Figure 4,

only oil could pass through the textile, and the seawater stayed
on the surface of the textile. Hence, our superhydrophobic and
superoleophilic textile could be utilized as filter membranes to
realize highly effective separation of oil/water and oil/seawater
mixtures.

Selective Adsorption of Oil. As mentioned above, the
textile can separate oil/water mixtures with high efficiency.
However, it is still unfeasible to separate a large amount of oil/
water mixture arising from oil spills and other industrial organic
pollutants, because it is unpractical to pour all of the mixtures
onto the textile. Therefore, for practical application, the only
way is to selectively adsorb oil and organic pollutants by
immersing the adsorbent in the mixture.59−68 In this respect,
textile is an excellent candidate for preparing adsorbent
materials due to their excellent properties, such as good
flexibility, low price and density, as well as mechanical stability.
As an example, a piece of superhydrophobic and super-
oleophilic textile fabricated in this study was used for separating
oil from water (see movie S1 in the Supporting Information).
When the textile was immersed into water, it strongly repelled
water and remained dry after being taken out. However, when
there was a layer of oil on the water surface, the super-
hydrophobic and superoleophilic textile quickly and selectively
adsorbed the oil as soon as it touched the oil surface.
Nevertheless, the application of this superhydrophobic and
superoleophilic textile for the adsorption of oil from water was
restricted by the inherent poor uptake capacity of textile. To
circumvent this problem, the textile was made into a bag and
filled with sponge. The filled bag was supposed to be an
effective adsorbent for the removal of oil from water due to the
combined advantages of the textile’s superhydrophobicity,

Figure 3. Photographs of (a) the separation of oil and water mixture,
(b) collected oil in a test tube containing AgNO3 aqueous solution,
and (c) after adding a drop of KCl aqueous solution into (b). Oil was
labeled with oil red O and KCl aqueous solution was labeled with
methylene blue for easy observation.

Table 1. Separation Efficiency of the Textile for Different
Oil/Water Mixtures with Their Volume Ratios of 1:1 and
Their Relative Standard Deviations (RSD) of Five
Measurements

oil/water mixtures
(volume ratio = 1:1)

separation efficiency
(η, wt %)

relative standard
deviations (RSD, %)

n-hexane/water 97.19 0.67
chloroform/water 97.60 0.64
toluene/water 98.31 0.35
petroleum ether/water 97.12 0.51
diesel oil/water 98.39 0.67
gasoline/water 98.01 0.48

Table 2. Separation Efficiency of the Textile for Diesel Oil/
Water Mixtures with Different Volume Ratios and Their
Relative Standard Deviations (RSD) of Five Measurements

diesel oil:water
volume ratio

separation efficiency
(η, wt %)

relative standard deviations
(RSD %)

1:1 98.39 0.67
1:4 98.41 0.27
1:9 98.47 0.34
1:12 98.72 0.36
1:15 98.63 0.35

Figure 4. Photographs of (a) the separation of oil and seawater
mixture and (b) collected oil in a test tube.
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superoleophilicity, and the sponge’s high porosity, in which the
textile acted as a film for the selective separation of oil from
water and the sponge acted as a container for storing the
penetrated oil. The process of selective oil adsorption was
shown in a series of photos in Figure 5a−f. By dipping the bag
into a mixture of oil and water, the oil was quickly adsorbed and
almost completely drawn out by the bag, leaving a fresh water
surface. Importantly, the adsorbed oil can be collected by a
manual squeezing process (Figure 5g,h). Although most of the
adsorbed oil was squeezed out, there was still some residual oil
sticking to the bag. So the bag was rinsed thoroughly by ethanol
to remove the adsorbed oil and then dried in an oven at 50 °C.
After drying, the superhydrophobicity of the bag could be
recovered, and the bag could be reused as before. This
adsorption and recovery process could be repeated at least 20
times without obvious change of the contact angle, as evidenced
by Figure 6.
In the recovery process, ethanol was selected as eluent

because of its advantages of nontoxicity, cost-effectiveness, and
ability to dissolve most of the organic solvents and oils. To
investigate the elution effect, n-hexane was used as model oil
and colored with 10−3 M oil red O. After adsorption of oil, the
textile was rinsed by immersing in 4 mL of ethanol to dissolve
the adsorbed oil. Figure S9(a) in the Supporting Information
shows that the absorption band of ethanol solution containing
the eluted oil marked by oil red O was almost unchanged after
1 min. The results suggest that the equilibrium can be achieved
within 1 min. Furthermore, no absorption band has been
observed after rinsing three times (see Figure S9(b) in the
Supporting Information), implying the complete removal of the
organic oil. The excellent elution effect is possibly due to the
high dissolution ability of ethanol to other organic solvents and
oils.
To further verify the feasibility for practical application, the

adsorption of chloroform from water was carried out to
investigate the oil/water separation performance of the bag for
the organic solvent that had higher density than water (see

movie S2 in the Supporting Information). Once the bag was
inserted into the oil/water surface, the dyed chloroform was
immediately sucked up by the bag underwater and removed by
taking out the bag. This process happened in less than 1 min,
indicating the fast adsorption kinetics of the bag, which may be
attributed to the combination of its oleophilic nature and
capillary action. As compared to other materials for adsorption
of oil from water, the reported process was simple, time-saving,
and inexpensive. Therefore, the bag is an attractive candidate
material for the application of oil spill cleanup and industrial
oily wastewater treatment.

4. CONCLUSIONS
In summary, commercial textile was coated with LDH
microcrystals through a simple and facile hydrothermal
approach and then modified with sodium laurate. The unique
nestlike microstructures induced by the in situ formed LDH

Figure 5. Photographs of (a) the textile bag, and (b−g) the oil adsorption and recycling process by using the superhydrophobic textile bag.

Figure 6. Water contact angles recorded after each oil/water
separation process.
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microcrystals and the modification of low surface energy
chemical made the textile superhydrophobic and super-
oleophilic. Further experiments demonstrated that the as-
obtained textile can effectively separate both light oil (density
lower than that of water) and heavy oil (density greater than
that of water) with high separation efficiency, which is up to
97%. Moreover, the bag prepared by the textile exhibited
excellent selective oil adsorption capacity and reusability. Thus,
this superhydrophobic and superoleophilic textile may find a
wide range of practical applications such as in the cleanup of
marine oil spills, recovery, and fuel purification.
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